PREFACE
Many good books are available on optics in general, and on specific subjects such as optical signal processing, holography, interferometry and other areas. The question should be asked: why do we need yet another book?
The incentive to write this book is rooted in many years of teaching electrooptics related subjects, particularly, a one-term course on electro-optical systems for senior undergraduate and graduate students of electrical engineering. The objective of this course is to provide a broad foundation and deep understanding of fundamental physical processes related to optics and optical systems. This groundwork should serve as a sound basis for more specialized study.
The students taking this course are supposed to have some background on the basics of optics and lasers but they should be able to follow the course even if this background is not complete. They are also expected to possess some knowledge about electromagnetic fields, Fourier analysis and linear systems theory.
Existing texts with the required breadth and depth tend to engulf the reader in heavy mathematical rigor which masks the physical insight and obscures engineering aspects. These texts are also too long for a one-term course. Other texts that are, in principle, suitable for the objectives of this course are too specialized and several of them are needed to cover the whole scope of the course. As a matter of fact, the desired curriculum cannot be covered within the allocated time if conventional procedures are used.
This book was started as a unique answer to the requirements of the course. However, as it proceeded it became broader and, in its present form, it covers a significant fraction of the field of optics. Nevertheless, it still remains concise due to a new approach and it can be used as a text and reference also for many other courses, such as optical physics, Fourier optics, optical system design and analysis, optical signal processing, optical metrology, holography and optical non-destructive evaluation. The book also fills up possible gaps in the background of the students by providing an overview of linear systems theory, electromagnetic fields, and additional information which is embedded in the main text.
Although initially planned as a text for one term, and the book can be used as such, it contains adequate material for more than 100 lecture hours. If used as a text for a one-term course, a set of chapters can be selected according to the main line of interest for that specific course. This can be done since the various subjects of the book are presented with minimal cross references although the sequence of the chapters are representative of an optimal curriculum. Some sections in the selected chapters may be skipped as well. For example, in a one-term course it is not necessary to discuss all the instruments treated in chapter 5 and it is adequate xiii xiv PREFACE to study the basic concepts of interferometry without getting into the details of various architectures and procedures.
As indicated above, the emphasis of this book is on physical understanding toward engineering applications and, therefore, some of the mathematical rigor is sacrificed in favor of clarity and physical insight. Nevertheless, most mathematical steps are justified and all approximations involved in any procedure are carefully considered to avoid any misinterpretation of the final results. This is particularly important in view of the practical aspects considered throughout the book.
The book is made as self-contained as possible without unnecessarily inflating its volume. Accordingly, the book starts with two standard overview chapters on electromagnetic wave theory and linear systems theory with focus on Fourier analysis.
Optics really starts in chapter 4. This chapter introduces diffraction theory from a linear systems point of view using a group of linear operators. The operator algebra is the main innovation of this book. Historically, the operator algebra was initiated as a shorthand for the integral calculus involved in Fourier optics. However, it is much more than that-in this book, first-order diffraction theory of optical systems is derived from linear systems theory. Physical entities (i.e. free space, lenses, etc.) are represented by linear operators, a cascade of which describe the operation of a complete optical system. Due to the physical meaning of each operator in an operator expression, much physical insight can be derived just by inspection. Furthermore, since these operators satisfy certain group theoretical relations, they provide an exceptionally powerful mathematical tool. The main result of this chapter is the derivation of Fourier optics in its operator form which can be translated into integral expressions at any stage.
In its simple form, as presented in chapter 4, the operator algebra is constructed from a few simple rules based on elementary Fourier analysis. Readers will realize very quickly that the small effort invested in learning those simple rules will be enormously rewarded by an unprecedented simplification of their work for the rest of the course and, probably, for their whole professional career. Due to its concise nature, the operator algebra allows coverage of the whole subject of conventional Fourier optics in chapters 4 and 5. This material can be covered in about fifteen lecture hours, leaving plenty of time for additional subjects. Moreover, by avoiding the tedious diffraction integrals, complicated systems can be easily analyzed, providing deep understanding and physical insight that are not masked by the calculations. Nevertheless, readers who are more comfortable with integral expressions can easily translate the operator expressions into integrals. Some examples are provided in the text and problem sections.
As an aid to the reader and also as a reference for future work, the basic rules of the operator algebra are summarized in appendix A.
After completing the above chapters the student has a significant basis to understand the rest of the book and also other texts. The other chapters are quite self contained and they may be selected for study according to the interest of any specific course. A limited number of cross-references are provided when some PREFACE xv specific terms are borrowed from a different chapter but this does not mean that the student must learn the whole chapter.
The standard approach is also modified in the presentation of coherence theory (chapter 7) and interference (chapter 8). This whole subject is presented from an observational point of view. That is, parameters and characteristics of wave fields are defined and investigated in terms of observables. Accordingly, some of the conventional definitions of coherence (for example, spatial coherence) are slightly modified to suit coherent radiation in contrast to thermal radiation which was the basis for traditional coherence theory. Interference is presented in three dimensions leading to interference surfaces rather than interference fringes. The shape of these surfaces is discussed together with their dynamic characteristics when the two interfering waves have different frequencies. The treatment of heterodyne interferometry, laser Doppler velocimetry and other interferometric applications follow naturally from these fundamental discussions.
The chapter on holography (chapter 11) contains a comprehensive treatment of the subject and can be studied immediately after chapter 5 although it is better to study them in the order presented. The same is true for the chapter on polarization (chapter 9). However, since polarization effects are closely related to coherence effects it is better to study polarization after the basic concepts of coherence theory are understood.
The operator algebra is put into a more rigorous mathematical framework in chapter 12, which is again enhanced by application examples including the implementation of root (fractional) Fourier transforms. Although this framework of the operator algebra could have been used from the beginning, the intuitive form is more convenient for simple applications. Therefore, the linear systems approach is maintained throughout the book up to this chapter.
Various applications for signal processing are contained in the last chapter, 13, which is on a slightly more advanced level and is directed mainly to students working in this field.
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